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NOTICE 
The invention disclosed in this document resulted from 
research in aeronautical and space activities performed under 
programs of the National Aeronautics and Space Administration. 
The invention is owned by NASA and is therefore available for  
licensing in accordance with the NASA Patent Licensing Regu- 
lation (14 Code of Federal  Regulations 1245.2001, 
To encourage commercial utilization of NASA-owned inven- 
tions, it is NASA policy to grant nonexclusive, royalty-free, 
revocable licenses to any company o r  individual desiring to u s e  
the invention while the patent application is pending in the U. S. 
Patent Office and within a specified period, presently two years, 
after issuance of the patent to NASA. If commercial use of the 
invention does not occur during this  period, NASA may grant a 
limited exclusive, royalty-free license thereby adding an incen- 
tive to further encourage commercial development, Any company 
desiring to make, use,  o r  sel l  this invention is encouraged to 
obtain a royalty-free license from NASA. 
Address inquiries and all requests for licenses to Assistant 
General Counsel for Patent Matters, Code GP-1, National 
Aeronautics and Space Administration, Washington DC 2 0546. 
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Methods and apparatus in use heretofore to analyze a 
gas mixture for hydrogen have been numerous, including 
for example, mass spectrometry, gas chromatography, 
combustibles, adding a radioactive tracer like tritium to 
the cryogenic hydrogen and detecting leaks by a radiation 
detector, and utilizing a palladium sensor. These various 
techniques and devices are all useful and satisfactory for 
lication, but have limitations of one kind or an- 
which makes them unsuitable for use in the space 
ass spectrometer for instance can be made highly 
specific to hydrogen provided the atmosphere or  gas mix- 
ture being tested does not contain large amounts of hy- 
drocarbon or water. Their presence could result in an 
erroneous analysis. Furthermore, mass spectrometers are 
too bulky and complex €or use on a space vehicle. 
Infrared devices employed as gas detectors transmit 
infrared waves through a gaseous medium to be analyzed 
and the content of the medium is determined by measur- 
ing the infrared absorption. Infrared detection however, 
requires a change in dipole moment to absorb infrared 
radiation. Elemental gas forms such as hydrogen, nitrogen, 
helium, etc. do not go through a dipole moment change 
during energy absorption. Thus, infrared techniques can- 
not be used to detect such gases. 
Thermal conductivity devices utilize a current passed 
The invention described herein was made in the per- 
formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aeronau- 
tics and §pace Act of 1958, Public Law 85-568 (72  Stat. 
435; 42 V§C 4257) .  
This invention relates in general to methods and ap- 
paratus for analyzing a gas mixture to detect the presence 
of a particular gas. More specifically this invention is a 
method of detecting only the presence of hydrogen gas in 
a gas mixture and the method is insensitive to all other 
gases. The measurement is accomplished by measuring a 
change in the acoustic velocity of a gas mixture due to 
the thermal relaxation properties of hydrogen. 
The detection of hydrogen, particularly hydrogen leaks 
is of vital importance to the space program in the testing, 
launching and operation of space vehicles which utilize 
id hydrogen as a fuel. As is well known, liquid hydro- 
gen is extremely flammable and very explosive when com- 
bined in small quantittes with air. The two characteristics 
combined with the high diffusion rate characteristic of 
hydrogen through materials and crevices, makes it manda- 
tory that all hydrogen leaks in a static test facility, a space 
vehicle prior to launch or in flight, or any other area 
where hyrogen gas may accumulate, be detected. 
The problem of detecting hydrogen in such an environ- 
ment is complicated by the fact that other gases are often 
combined with the hydrogen. For example, in order to 
reauce the fire and exphive hazards surrounding facilities 
Or  equipment utilizing cryogenic hydrogen, a purge gas is 
used amand the liquid hydrogen contahers. Helium for 
bstaace, is used ro purge hydrogen and oxygen from the 
insulation strrounding the fuel tanks of a space vehicle 
prior to launch. Also, due to the large concentration of 
oxygen normally surrounding a space vehicle test or 
launch facility, hydrogen will be mixed with an oxygen 
atmosphere. Thus, it is apparent that any method or ap- 
paratus for detecting hydrogen must ‘be very specific to 
hydrogen and insensitive to all other gases. In addition to 
having a high degree of specificity to hydrogen in the 
presence of other gases, such method and apparatus, par- 
ticularly for use on a space vehicle, must be lightweight 
and highly reliable, and furthermore, must not in itself 
present a fire or explosion hazard when in contact with 
stoichiometric mixtures of hydrogen and other gases. 
through a conductor wile in the gaseous rr,edium- being 
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analyzed. The change in resisiance in the conductor is 
indicative of the composition of the medium. Such de- 
vices are not suitable for many space applications because 
they lack specificity to hydrogen in some circumstances 
and present an explosion hazard. 
There are also in existence devices which measure the 
changes in velocities of acoustic waves when its apparent 
molecular weight changes because of changes in the 
chemical composition of the gas being analyzed. The ap- 
parent molecul~r weight chmge of the medium is due to 
the instantaneous short term change in molecular weight 
due to broad banded acousoc freauency absorption. Such 
devices will make measarements onerating over a broad 
band of frequencies and any gas will affect lhe oDeralion 
thereof. In other words, the Drior art acoustic devices will 
detect the concentration ob any known gas but will not 
discriminate various gases. 
The invention avoids the disadvantages discussed above 
and provides a method which can be employed to detect 
the presence of hydrogen on board a space vehicle or in 
the area surrounding a launch facility. The invention can 
also be employed in cracking plants, mines, or other areas 
where the accumulation of hydrogen gas presents a poten- 
tial hazard. 
A method in accordance with this invention basically 
comprises the following procedure for detecting hydrogen. 
In a detector transducer including an ultrasonic trans- 
mitter and receiver separated ‘by an ahgap, an acoustic 
wave having a frequency of 1 mc. p.s. (megacycles per 
second) is transmitted across the airgap. The acoustic 
wave is received and the receiver generates an electric 
signal which is fed to suitable electronic apparatus, dis- 
cussed hereafter, that monitors and compares the acoustic 
velocity of the transmitted wave to that of a second 
acoustic wave discussed below. 
A second and identical detector transducer is employed 
in which the acoustic wave or signal is transmitted at a 
frequency of 10 mc. p.s. The 10 mc. p.s. wave is received 
by an ultrasonic receiver which generates an electrical sig- 
nal that is fed into suitable electronic apparatus, discussed 
hereafter, that compares the velocity of the two acoustic 
waves and detects any change in velocity of the 10 me. p.s. 
acoustical wave as it passes through an airgap of the sec- 
ond (detector transducer. 
It has been determined that the velocity of both the 
;he thermal relaxation friquency of hydrogen. 
Other objects and attendant advantages of the present 
invention will becbme more apparent when considering 
the following detailed description in conjunction with the 
attached drawing wherein: 
FIGURE 1 is a schematic arrangement of an apparatus 
suitable for use in practicing the present invention. 
FIGURE 2 is a graphical illustration which relates the 
frequency and velocity characteristics of an acoustic wave 
traveling in a hydrogen-air gas mixture. 
FIGURE 3 is a graphical illustration which relates the 
absorption of an acoustic wave traveling through a hydro- 
gen-air gas mixture to its frequency. 
In FIGURE 1 of the drawing there is illustrated an 
apparatus suitable for use in practicing the novel method 
described herein. Inasmuch as the invention lies in the 
method and not the electronic apparatus employed in 
practicing the method the various components of the 
invention are illustrated in block form and will be de- 
scribed primarily by reference to their function with only 
general mention of the structure involved. 
A transmitter power generator 10 is electrically con- 
nected to a transducer 12. Transducer 12 consists of a 
transmitter crystal 14 of a piezoelectric type which is 
caused to vibrate at a frequency that sets up a 1 mc. p.s. 
acoustic wave when an appropriate signal from power gen- 
erator 10 is applied thereto. A receiver crystal 16, also 
of the piezoelectric type, is disposed a predetermined dis- 
tance away from the transmitter crystal. The receiver 
crystal is excited by the acoustic waves or vibrations from 
the transmitter crystal and develops an electric signal 
in response thereto which is fed into an amplifier 18. In 
practice, the transmitter and receiver crystals are mounted 
in a free standing position in the area where it is desired 
to monitor for the presence of hydrogen. The distance 
between the two crystals defines an airgap as indicated at 
19, containing the gaseous medium to be monitored. 
A second transmitter power generator 20 is electrically 
connected to a second transducer 22 which is similar to 
transducer 12 except that transmitter crystal 24 of trans- 
ducer 22 is driven so as to generate an acoustic wave hav- 
ing a frequency of 10 mc. p.s. The acoustic wave generated 
by.transmitter crystal 24 is transmitted to a receiver crys- 
tal 26 across an airgap, indicated at 27, containing the 
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1 mc. p.s. and 10 mc. p.s. acoustical wave across the air- 
gaps of their respective transducers will be identical so 
long as there is an absence of hydrogen gas in the gas 
mixture present in the airgaps. However, it has further 
been determined that the presence of hydrogen gas in the 
air mixture in very small quantities, .l% and less, will 
result in a considerable and detectable increase in the 
velocity of the 10 mc. p.s. acoustic wave as it travels across 
the airgap in the second detector tramducer. The presence 
of hydrogen in the airgap of the first detector transducer 
does not affect the velocity of the 1 mc. p:s. acoustic wave. 7 
It is deemed obvious that this invention provides a 
method that is a novel and unique approach to monitoring 
a gaseous medium to immediately ascertain the introduc- 
tion of hydrogen thereto. 
It is therefore an object of this invention to provide 
a new and improved method of detecting the presence of 
a particular gas in a gaseous mixture. 
Another object of this invention is to provide a method 
of monitoring a gaseous mixture that will ,detect only the 20 
presence of hydrogen. 
A further object of this invention is to provide a method 
of detecting the presence of hydrogen in a gas mixture 
by acoustical means. 
method of detecting the presence of hydrogen in a gaseous 
mixture by measuring the velocity of an acoustic wave 
transmitted through a gaseous mixture at the thermal 
relaxation frequency of hydrogen and comparing it to the 
velocity of an acoustic wave transmitted through the same :o 
gaseous mixture at a frenuencv considerablv lower than 
gaseous medium or mixture to be monitored. Receiver 
crystal 26 is excited by the acoustic waves transmitted 
across the gaseous medium and generates an electric signal 
in response thereto which is fed into an amplifier 28. In 
actual use transducers 12 and 22 will be mounted relatively 
Jose to one another. 
The acoustic waves passing through airgaps 19 and 27 
are transmitted at a frequency of 1 mc. ps. and 18 mc. 
p.s. respectively. Their velocities will be identical so long 
as there is no hydrogen present in the gaseous mixture in 
the airgap. The introduction of hydrogen into the gas 
mixture present in the airgap will result, for reasons dis- 
cussed below, in a velocity increase in the 10 mc. P.S. 
acoustic wave while the velocity of the 1 mc. P.S. acoustic 
wave remains the same. Thus, by comparing the velocities 
of the two waves and detecting any increase in-the acoustic 
Yet another object of this invention is to provide a 25 
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encis i n the  magnitude of the signal generated by the 
receiver crystals and thus the velocities of the acoustic 
waves traversing airgaps 19 and 27. The output of the 
differential amplifier is connected into appropriate decision 
and readout circuits 46 which displays the level of hydro- 
gen concentration and provides for an audiovisual warning 
signal. The automatic gain control circuit is also connected 
into the differential amplifier and the decision and readout 
circuits through line 48 to control the gain thereof. 
Referring now to FIGURE 2 where the relationship 
between the acoustic velocity and frequency of an acoustic 
wave in a hydrogedair mixture is illustrated. It will be 
noted that the velocity is relatively constant at a frequency 
of 1 mc. P.s., indicated by Fl, whereas at 10 mc. P.s., 
indicated by Flo, the velocity is changing at its most rapid 
rate. It will also be noted that the curve flattens out again 
at 100 mc. P.s., indicated by Floe, indicating a relatively 
constant velocity. 
FIGURE 3 illustrates the relationship between the fre- 
quency of the acoustic waves and the absoqtion thereof 
by the hydrogedair mixture through which it is passing. 
It will be noted that the absorption at 10 mc. p.s., indi- 
cated by Flo, is at a maximum and large when compared 
to the absorptian at 1 mc. P.s., indicated by F1. 
The theoretical basis of this method of detecting the 
presence of hydrogen lies in the phenomenon of molecu- 
lar thermal relaxation of gases. 
The law of equipartition of energy in gases states that 
the total energy of a system of molecules will be equally 
divided among all the degrees of freedom of the mole- 
cules. Each diatomic or polyatomic molecule has six de- 
grees of freedom; three external degrees of freedom and 
three internal degrees of freedom. A monoatomic mole- 
cule has only the three external degrees of freedom. The 
external degrees of freedom are the three ( X Y Z )  trans- 
lational energy modes which are continuous in energy 
content, i.e., each translational energy mode can have 
any positive value of energy. The internal degrees of free- 
dom consist of one vibrational energy mode and two rota- 
tional energy modes. The energy associated with the in- 
ternal energy modes is quantized, Le., the energy of each 
mode can have only discrete values. When a system cm- 
sisting of a gas is thermodynamically disturbed, by the 
3,429,177 
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propagation of an acoustic wave therethrough, an aqui- 
librium condition is restored by thermal molecular colli- 
sion and the energy in the system of molecules is thus re- 
distributed in the internal and external degrees of freedom 
of the molecules until the average energy in each degree 
of freedom is identical. 
Since the internal degrees of freedom are quantized, not 
every thermal molecular collision will have sufficient en- 
ergy to induce a change in the energy level of the internal 
modes of a molecule as occurs with the external energy 
modes. Therefore, it will require a certain average num- 
ber of collisions until a molecule with sufficient energy 
collides with another molecule and induces an energy 
level change in the internal modes. The number of col- 
lisions cecessary to induce a change in the vibrational and 
rotational energy modes will depend upon the molecules 
involved and the quantum level of the internal energy 
modes before the collision. It becomes apparent that there 
will therefore be a certain probability of either changing 
or not changing the energy level of the vibrational and 
ro.tationa1 modes of a molecule by molecular collision. 
If the amount of energy of the translational enerzy 
modes of the molecules of a molecular system are in- 
creased or decreased, as occurs in the propagation of a 
sound wave, the energy of the external degrees of free- 
dom will be equalized by relatively few collisions. How- 
ever, it will require a much greater number of collisions 
for equilibrium to be established in the internal modes 
because of the smaller percentage of molecules available 
wiih sufficient energy to accomplish the internal quantum 
changes. If the period of the sound wave is much shorter 
(has a high frequency) than the time required for equi- 
librium to be established with the internal modes, then 
the internal degrees of freedom or energy modes of the 
molecules in the molecular system do not contribute to 
the specific heats of the molecules nor to the mechanism 
of wave propagation through the gaseous medium. 
It is generally true that the internal energy modes of 
most molecules contribute fully to the specific heat of 
the molecules below 1 mc. p.s. At sound frequencies above 
1 mc. P.s., there is a gradual lessening of the contribution 
of the internal energy modes of the hydrogen molecule to. 
the specific heat until a certain frequency is reached (the 
molecular thermal relaxation frequency) where there is 
no contribution of the internal energy modes. Thus, at 
the thermal relaxation frequency, 10 mc. p.s. for a hydro- 
gen molecule, the internal energy modes of the hydrogen 
molecules do not contjribute to the specific heat of the 
molecule. The result is that the gaseous medium will, in 
the presence of hydrogen, have an effective change of its 
specific heat capacity and behave thermally as though 
composed of monatomic hydrogen molecules. The rate 
of velocity increase and the absorption of the acoustic 
wave will be at a maximum when the gaseous medinm 
undergoes thermal molecular relaxation, as illustrated in 
FIGURES 2 and 3. 
The velocity of sound through the gaseous medium, in- 
cluding hydrogen, will therefore be greater when trans- 
mitted at 10 mc. p.s. than when transmitted at 1 mc. p.s. 
If the gaseous medium does not contain hydrogen then 
the velocity of sound through the medium measured at 
1 mc. p.s. and 10 mc. p.s. will be identical. However as 
soon as hydrogen is introduced into the gaseous medium, 
the velocity of the 10 mc. p.s. acoustical wave will increase 
proportional to the concentration of hydrogen in the gas- 
eous medium. 
The method as described herein can fulrther be varied 
to detect the presence of hydrogen in a gaseous medium 
by measuring the magnitude of the phase shift of the 
10 mc. p.s. acoustic wave relative to the phase shift of 
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the 1 mc. p.s. acoustic wave. As was noted from con- 
sidering FIGURE 3, the absorption of acoustic energy 
by a hydrogen air mixture is at a maximum when the 
aco,ustic energy is being transmitted at the relaxation fre- 
quency of hydrogen. This results in the phase shift of the 
10 mc. p.s. acoustic wave being reduced considerably with 
respect to the 1 mc. p.s. acoustic wave. In order to prac- 
tice this method the electronics must be altered to include 
an apparatus capable of measuring the phase shift, and 
the crystal separation of the 10 mc. p.s. transducer must 
be increased. This variation of the inventi0.n is mentioned 
for the reason that it will detect very minute quantities, 
.O 1 % or less, of hydrogen in a gaseous mixture and thus 
provides a useful laboratory tool in the detection and 
quantitative analysis of hydrogen in gas mixtures. 
This completes the detailed description of the invention 
wherein a preferred method for monitoring a gaseous 
medium for the presence of hydrogen has been described 
as well as general mention of possible variations thereto. 
It should be understood that there will be other variations 
possible in practicing the described method without de- 
parting from the spirit and scope of the invention as de- 
fined in the claims appended hereto. 
gas in a gas mixture comprising the steps of: 
What is claimed is: 
1. A method of detecting the presence of a particular 
(a) positioning a pair of ultrasonic transmitters and 
receivers separated by airgaps in an area to be mon- 
itored for the presence of the particular gas; 
(b) transmitting a first acoustic wave across one of the 
airgaps at the thermal molecular relaxation frequency 
of the particular gas to be detected; 
(c) simultaneously transmitting a second acoustic wave 
across the other of the airgaps at  a frequency well 
below the thermal molecular relaxation frequency of 
the particular gas to be detected; and 
(d) receiving and comparing said first and second 
acoustic waves to detect any relative change therein 
caused by the presence in the airgap of the particular 
gas being detected. 
2. The method recited in claim 1 wherein: 
(a) the relative change detected in the waves is the 
3. The method recited in claim 2 wherein: 
(a) said first acoustic wave is transmitted at 10 mega- 
4. The method recited in claim 3 wherein: 
(a) said second acoustic wave is transmitted at 1 mega- 
5. A method of detecting the presence of hydrogen in 
(a) transmitting a first acoustic wave through the gas 
mixture at 10 megacycles per second, the thermal 
molecular relaxation frequency of hydrogen; 
(b) simultaneously transmitting a second acoustic wave 
through the gas mixture at a frequency of one mega- 
cycle per second; and 
(c) receiving and comparing the velocities of said first 
and second acoustic waves to detect any relative in- 
crease in the velocity of said .fist acoustic wave 
caused by the presence of hydrogen in the gas mixture. 
velocity of the acoustic waves. 
cycles per second. 
cycle per second. 
a gas mixture comprising the steps of: 
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AWARDS ABSTRACT 
METHOD FOR DETECTING HYDROGEN GAS 
The invention is a method which is intended for ude on a space vehicle, 
as  well as areas  such as launch and test  facilities, to detect hydrogea 
leaks, 
The apparatus and method employed in practicing this invention is a s  
follows: In a detector transducer 12 that includes an ultrasonic treans- 
mitter crys'tal 14, and a receiver crystal  16 separated by ac airgap 19, 
is transmitted across  the airgap. 
by a power generator 10. 
generates an electrical signal which is fed into suitable electronic 
apparatus that monitors and compares the acoustic velocity of the trans- 
mitted wave to that of a second acoustic wave discussed hereafter. 
~~~~~~~ WAve k syala4 pfw eesond WCPS) 
The transmitter crystal  14 is excited 
The acoustic wave is received and the receiver 
A second and similar detector transducer 22 is employed in which the 
acoustic wave o r  signal is transmitted at a frequency of 10 MCPS. 
10 MCPS wave is received by ultrasonic receiver which generates an 
electrical signal that is fed into suitable electronic apparatus that 
compares the velocity of the two acoustical waves and detects any change 
in the velocity of the 10 MCPS acoustical wave as it passes through 
airgap 27 of the second detector transducer. 
It has been determined that the veloc5ty of both the 1 MCPS and the 
10 MCPS acoustical wave across  the airgaps of their respective trans- 
ducers will  be identical so long as there is an absence of hydrogec gas  
in the gas  mixture present in the airgaps. 
been determined that the presence of hydrogen gas in the air mixture in 
very small quantities, . 1% and less, will result in considerable and 
detectable increase in the velocity of a 10 MCPS acoustical wave as it 
travels across  the airgap in the second detector transducer. 
presence of hydrogen in the airgap of the first detector transducer does 
not affect the velocity of the 1 MCPS acoustic wave. 
The 
\ 
However, it has further 
The 
The novel aspect of this invention is that it will detect only the presence 
-of hydrogen in the airgap of the transducers. This specificity to hydrogen 
i s  made possible by transmitting the acoustic wave through airgap 27 at 
10 MCPS which is the molecular thermal relaxation frequency of hydrogen. I 
' 
Transmission of an acoustic wave at this frequency through a gaseous 
medium containing hydrogen causes the hydrogen to behave thermally as 
though composed of monatomic molecules rather .than diatomic molecules 
which is the natural state of hydrogen. 
structure results in an increase in the velocity of the 10 MCPS acoustic 
wave traversing the airgap., In the event the gaseous medium does not 
contain hydrogen then the velocity of the acoustic wave is not affectedand 
is identical to the velocity of the 1 MCPS acoustic wave. 
present invention will detect only the presence of hydrogen and wil€ in 
addition give a quantitative measurement of the hydrogen content in the 
This transition of molecular 
Thus, the 
AWARDS ABSTRACT NASA Case Illb. 3873 
gaseous medium. Prim acoustie detectors would give a quantitative 
rnaasuremgmt. abE h y $ ~ e g m  present in the gaseous mixture but would not 
discriminate hydrogen. In other words, prior acoustic devices will 
detect and indicate: the concentration ob hydrogen in a gaseous mixture 
but it is necessary to know that hydrogen is present to some extent in 
the gaseous mixture. 
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